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1, Gene enzyme relationships in 3. coli,

The studies of the genetic control of lnetuse which were initiated Guring the
first year of the project (See Interim Report I, 1949) have been continued. The im-
provel colorimetric methods for determining this enzyme (Rep. I) have resulted in s
elarification of the nature of the enzyme adapt-tion illustruted by lusczt. se. It has
been well known that E. coll cells do not attack lactose (or various cther sucars
besides zlucose) ualess they have been oreviously exposed to the substrots for some
period of time. The deovelopmeni of specific enzymatic capaclities under these con-
ditions has been called substrszte-dependent ensymatic aduptation. The concept that
adaptation is bused uwuron an asctual diversion of protein synthesls fowards form:tion
of the adaptive enzyme, uncder the influence of the substrate, is of fundament:l im-
portance in these stviies, and hus been more or less generally accepied, aluell on
rother limited evidence. In fact, Deere et. 2l. reported, some ten to fifteen years
ago, that unadapted cells could be activated by vacuun drying, antlsepiics, or other
treatments which altered the permeability of the cells, and concluded therofrom that
adaptation involved only a change in ceil permexzbilily which allowed ihie substrate
$6 gzain sccess to the interior of the cell., Although the methods used by Doere vere
rather crude, hils obssrvatione were nob controverted, and vnoged au uacomfrctable
dilens. Usine our diract colorimetric methsd for lactuse nssey, we have been able
%o conlirm Deere’s observuations., Howevasr, zdepted cells are alsc sciiv.ied in the
sale rutio ae unsdapted, 80 that it can be corcluded that adaptotion hae iunvolved
a 50 - 100 fold incrense in enzyme content., Unndapted cella ordinurily contnin a
residusl amount of lactase, not readily detscted by the older methods, awsunting
to 1 -~ 2% of the fully adapted cells. Activmilon by drying or sutslysis ccuses =
20 = 30 fold augmentation of the apparent uctivity, whileh would dring unadapte?
sells t¢ the same order of actlvity as the adapted, intact cells.

Unfortunately, certain rather mild treatments, such as standing in ¥/10 buf-

fer, activete cells to a small, but veriable extent, The resulting instadility
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studies on the enzyme in such cells, and might well be a fuctor in other siuliss
of adaptive enzyme formation,

The concept of a complex gensilc control of the adaptation mechanism wes men-
tionad {n the previous report, (Rep, I). Thle concept L8 supported by the bshuvior
of another mutant recenily studied. The lactose anzlogue, "neolactose. ® or D-
altrose~ -D-gzslactoside, is not attacked by wild type Z. coli, when testeld by
routine bacteriologleal procedures, Apnsrently neolactose is not an affective
atimulus for lactase adzptation, for cells which heve been grown on & lzeloss
mediun will sitack neolactose, After prolsazed incubution on nanluactose medium,
wild type K. coli cells give rise to mutenis which will form luctise on this me-
dlun, and therefore attaek the neslactose. The mmiante, however, have turnsl out
to be "coustitutive” lactese producers; tast is, they will produce this ordinarily
adaptive ensyme in large amounts whatever the medium on which they are grown,

Thelr aituck of neolactose is made possible not by a new adaptive response tu tuls
analogue, vut by the fzcet that the adoptive mecheonism has been disnensed wilh, or
probably more accurately, has been iriggered latrinsincully by a gensti: chunge.
The mutztion has a gpecific effecot, anl does not affect the adaptive reupoasss to
zny other sugar so far tested includin- galactuse. The Intorsetion of +7.is muiation
with othey genes affecting lustase formation la under study. The resuits #how,
howaver, that genetic effects may concera any o a variety of chases of anzyms for-
maticn, snd that it 1s imoossible with the hely of present metheds to siecify a
gens us the specificity-model or "temslute” for an enzyme. They also show th.t the
substrate specificities for adeptation and of ths enzyme producel may nst o cone
grusnd, which would tenl to rule ocutl the hycotheels that adaptati-n iz somehow
aelicted by the combin:tion of the gubstraite with the smell amounts of reatdusl

gnzyme usually present in unadapted cells.

2. Cytoranetics of E. eoli K-12,
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The genetic life cycle of E. coli hzs revealed o number of complexitiec not
yet thoroughly unravelled. At present, a mass of detailed laformation has been

collected, which caunnot well be presented untll some generaliszations have been
deduced from it. The diploid phase seems to undergo three types of aberriut be-
havior: (1) sliminstion, so0 that the "iiploldis™ becone hemizygous or wonsg:nic for
certzin blocks of genes, and (2) ®donble reduction,” so that some dlocks of «anes,
orizin:lly heterozyzous, becomz homozygous, and {3) probabdbly as & sonsscusace of the
eliminztions, non~random segregations, viz,, that alternative alleles d¢ nout sccur
with equal frenusacy amons tha segregmnts. Although the situation hss nci yet been
clarified, it appears liXkely that the -berraiions can be besy intsrpreted 4in toras
of = chromcsomal system like tast of higher forams,

Cyiological studlee huve been initicied with the alm of comparing ani distin-
quishing the nuclear morphology of hzploid and ilploid cells of K. colil, Ths
nuclear components of thaese 4Yynes of cells cun be distinguished: the digzloic cells
generslly shov a more dispaerse, larger aggregate of nuclear materisal, comtaining a
larger number of resolvable granules in each .gsregate, dbut with the iadividusl
granules smaller thsn in the haploid. Howsver, we ure not yet able to interpres

this consistani difference in appearince in terms of their rcasiie structure.

3. Ganetie aspects of dbactericide.

It hzg often been spaeculaeted, withouit proof, that the lethal effects of
radiztione and other chemical and physical anzents on bucteris might huve & zeastie
basls, such asz induced leothal mutaticna, $he dinleid eulturas of E, cell novw at
our disposal permii an examination of this queztion. A number of agents Luve bsen
found which nave profounl genetic disturbunces corrseluted with buctericidal -ctien,
but the disturbances are mostly in the £orw of havloddizetion, i.e., thz reusval of
en entire gene set, rather then & lethal mutation (the equivalent of removal of
a single gene). This would euggest thut the lethal aspects of these sgents are

more parallel to the so-czlied physioslogleal or karypathologleal effacis of



rediations on nuclei of higher forms, than to the specific structural (aide-7)
offacts on chromosomes which have eng:ged the major interest of genetiecists. The
nature of the haploldization hus not yet been thoroughly analysed, but - tubul:-tion
of the reagents which do, and do not, resemble radiations in their buetsricidal

effacts may be of interast to the gencrsl vroblem of buctericide. -

Hzploidlzing bactericides Non-haploidizing bactericices
Ultraviolet Llight* Heat
X-rays * Methyl gresn
Nitrogzen mustard * Pyronine ¥ **
Formsldahyde * Streptomycin
Hydrogen peroxide* Iodine
DMmethyl sulfate lodoacetamide

Acetic anhydride

Ethyl carbum.te*®

* ell-eatoblished ns mutzgenic chemienls {for organiems other than b.ctariz).

%01 aimed na sossidle mut-pens for bacterie dy other worizers.

It may be noted that a common property of the agents listed as haploldizing
15 thelr potentiality for inducing substitutione on amino and other reuctive
grouns of preteins or mucleic acids.
L, Sslection of genetic recombinants with buetsrial growth inhibitors,
Ia nlace of a mutritional selasction of wild-type recomvinznts from = mirture

£ Atatinet blochemiszal mut-nts, it is Teusibdble to select dually resistant rscom-

[

Win-nez of B, aoli from o nixture of cultures gach resigtant to o dlstinct :nti-

»

tertc eomsound, such as streptomyein wnd zodium azide. This technicue is =
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wzaful euxilisry to the autritional methed Tor I, coll, and should make eszsible
tests {or recombination in orgunisme (lilte the nathogenic cocel) nct reudily

ansneble to nutritional methods,
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